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SECTION 1. SUMMARY

1. BACKGROUND.

This report concludes a methodology investigation concerning
technical testing of Field Artillery Digital Automatic Computer
(FADAC) tapes conducted by the Systems Analysis Directorate, US Army
Test and Evaluation Command (TECOM). The Methodology Proposal is
inclosed in Appendix A, The purpose of the investigation was to
determine the feasibility of conducting a technical evaluation of
revised FADAC tapes using an automated procedure.

These tapes are created by US Army Weapons Command (WECOM)
(Software Engineering Branch, Fire Control Division, Frankford Arsenal)
and tested by TECOM (the Field Artillery Board). During testing,
problems of a technical nature and operational nature are being
confounded. An attempt is made to simultaneously test the technical
correctness of the revised tape, as well as user problems, i.e., the
capability of man-machine interaction.

This work was done in conjunction with the Firing Tables Branch
of the Ballistic Research Laboratories (BRL) and Frankford Arsenal (FA).
BRL supplied the necessary trajectory data (see Appendix C); FA made
the necessary FADAC runs. The major thrust of the Systems Analysis
effort was to fully automate an already existing ballistic test pro-
cedure and to investigate other areas of testing where automation should
be accomplished.

2. OBJECTIVES.

The primary objectives of this investigation are (1) to demonstrate
that technical and service testing of revised FADAC tapes can and should
be separated; and (2) to determine the feasibility of fully automating
the technical testing.

3. DETAILS OF THE INVESTIGATION.

During the lifetime of FADAC, at least five major revisions have
been implemented. Both Frankford Arsenal and the Field Artillery Board
have stated that the testing situation is unsatisfactory. No effort
is made in this study to ascertain the exact reasons. The pursuit of
this task would be counterproductive. Hopefully, fully automated tech-
nical testing will alleviate the old problems associated with each
revision of the FADAC tapes.
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Frankford Arsenal has, in fact, partially automated the testing
of ballistic programs for FADAC. This is done by operating ¢wo
FADACs in a tandem arrangement (see Figure 1). One of the FADACs
is used as an input/output (I/0) driver for the other FADAC, vhich
is loaded with the ballistic program to be tested. The I/0 driver
replaces the man-in-the-locp. The driver bypasses the keyboard and
causes the test results to be written on a teletype. The test is
conducted free of operator error. This is an ideal situation for
technical testing; i.e., testing which is conducted to determine if
the FADAC is performing accurately for known test scenarios.

The Systems Analysis Directorate wrote a computer program to
automatically generate the large number of inputs required for the
Field Artillery Board automated ballistic test procedure. This pro-
gram, contained in Appendix B, voids the requirement for Field Artillery
Board to manually prepare exhaustive input in order to completely check
out the ballistic programs. The complete :est cycle is shown in Figure
2.

A sample of the output from this program is shown in Figure 3.
1..e appearance of the output is racher confusing; however, once the
basic concept is understood, it is really quite simple. A pair of
digits addresses the particular pesition on the FADAC input matiix and
the value required for input follows, separated by delimiters.

The output from this program is used to drive the ballistic test.
Hardcopy outnut from a sample run is shown in Figure 4. A '"C" in
Column 1 indicates the correct solution. The "true'" answers and the
FADAC answers, labeled "F", which do no* agree within a preset
tolerance are flagged with a "§$$".

In order to conduct the investigation, two basic training exercises
were necessary. First, the format of the BRL tapes was studied. The
BRL tapes contain trajectory data for a weapon/charge combination that
are included in the FADAC programs. A conservative estimate of the
number of cases run is 50,000. Second, the format of the automatic
ballistic test program input had to be learned.

. A delimiter is a special character used to separate items in an

input list. The delimiter in this case is a "+".



To test the concept, some 2,000 in-. . s for the 155mm Howitzer
were generated. A sub:et of these 2,00 ‘'as randomly selected and
run on the tandem FADACs. Sample inputs and outputs from these
runs were as shown in Figures 2 ar. 4.

Approximately 60 problems per hour can be run in the auto-test
mode, versus about 20 per hour in the manual mode. This timing
consideration is important since there are at least 350 test
problems that can be run for every weapon/ammunition charge/fuze
combination. Also, testing in the automatic mode can be easily
rerur aud retesting in FADAC has been a common problem.

If the user and the developer cooperate in this effort, a test-
bed or benchmark set of problems should evolve which will eliminate
virtually all technical test nroblems.

4. CONCLUSIONS.
Since the trial with the ballistic procedure w s successful,
there is no reason to believe that other facets of rtechnical testing

will be unsuccessful. Additional work is required to automate the
chronograph, registration, trilateration and survey programs.

5. RECOMMENDATIONS.

A letter has been sent to US Army Armament Command (ARMCOM)
(see Appendix B) which includes the recommendations of this study.
The recommendations are essentially the following:

(1) Complete technical testing of revised FADAC tapes is
required.

(2) Technical testing should precede service testing.

(3) Frankford Arsenal should be responsible for technical
testing.

(4) TECOM should observe all technical testing.

(5) TECOM should conduct service tests upon satisfactory
completion of technical tests.

(6) Action should be taken to develop automated testing pro-
cedures for the survey, chronograph, trilateration, and registration
problems,

SRR
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Figure 1. Auto-Ballistic Test Configuration
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EELENL14==0G 21+ 1427494224642 641--46541¢330)¢
EELOD74=-994214¢14722¢94236942642=--645¢1+43300¢
ERLONAI==9G 4214422404234 G42£63==454]+3301)¢
LELOD4+=~004214 142249423404 264T7--65+14+1300+¢
LR1DNS4==0Q42141422¢0¢7234G0264|~=454+]1¢33010)¢
TEEL0064==-G042141422¢0+234947642=--45+1+3300+
CLLONT4==CAeD [ +1422¢0423¢9426¢3==4541¢3300)¢
ELLODR+==934¢21¢142240¢23¢94264T=-=454143300¢
LE20014==9G41+142240422942041==45+140075¢
CL20024==90421¢ 1422404274 9¢2042=--45+1+0075+
LE2003¢==C3421¢ 1422404234 942643==654140075¢
fR20044=~09¢21¢142240423¢Q4264T--45+14+p075+
EE3UN1¢==07421¢14¢22+¢0423¢G426¢]==45+1¢6115+
ERI0024--99421¢ 142240421+ 942642-~465¢+1446115+
63034 =-C342 |+ 142240¢73404264A==4654]+5115¢
£630044--9042141¢22+404234Q42h¢T1-=45¢1+6115¢
LLO00]1¢-=0Q9821¢142240¢23¢9420¢]1==654144%135
£84002¢--0042141422404234942042--454144415+
CRAC0A+==GQ42 |+1422¢04238742643=-=464]1+4535¢
LL40064=--0942141422¢0¢23+5426T==45+1+4435¢

Sample Input for the
6

Figure 3.

120G+L0¢ S5N¢==(e¢]l+ 2¢ 6024 29
1209¢C0¢ 30¢=-=N0¢]1¢ 2+ bea5¢ 20
12074604 3 )4==0)¢ ]+ 24 640+ 20
1209459+ 30e==00¢1¢ 2% b2+ 20
298R¢E0+ H0e==N)¢ 1+ 3I8+34,Re110

AINe==0N¢1¢ 384135,3+4110
298BeF(0¢ 5)¢==)0¢1¢ IB¢IS,0¢110
2983¢£Ct 3)4==)0¢1¢  38434,4¢11)
329T4£0)¢20%4==0)¢14322R4 36, 3+110)
3297¢E60+1A8N+==0N¢1+3229¢36,8¢110
3297450¢20)¢==0)4¢143228+36,0¢119
32974604180+ --00¢1+3223435,9+110
206R+ L0410 )4==0)¢ 146930434, 1¢110
236R+60¢ 304==00+1+4030434,5+119
2ROBEENS10)e==0N¢ 1 “4R83)¢34,1)¢]110
28603400+ AQ+==00¢1+4P10+33, 74110
33024604150+ -=D¢1¢1631436,3¢110
33:)24£04130)¢-=00¢+]1+1A3]1+7%6,2¢110
330240041600 -=((¢ 141631436,0¢119)
3302+%0¢13:)¢==N0¢1+]1631¢35,9¢110

290P8¢L0¢

Auto-Ballistic Test
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Figure 4. Sample Output for the Auto-Ballistic Test

7

iy




)

SECTION II, APPENDICES )
APPENDIX A. CORRESPONDENCE
corY
DISPOSITION FORM
AMSTE-ME SUBJECT: Technical Evaluation of FADAC Tapes

TO Dir, Systems Analysis FROM Meth Imprv Dir DATE 29 Mar 74 CMT 1
LTC Stone/dg/5145

1. Request you conduct subject investigation in accordance with the attached
Methodology Investigation Prcposal.

2. Funds in the amount of $3,500 have been authorized to support the effort.
These funds include $1,000 to support travel. In order to cite these funds
the methodology X Order should be used in conjunction with the Systems
Analysis Cost Center. The remaining funds are designated for the support

of field effort in the event it is decided to task APG computer program
preparation. In such cases the funds will be distributed to APG as needed
by this Directorate.

/s/ W. L. Stome LIC ;
1 Incl /for/ SIDNEY WISE
MIP Director

2ok
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CcoPY Systems Analysis Directorate
US ARMY TEST AND EVALUATION COMMAND

Methodology Investigation Proposal, FY 73
9 March 1973
1. TITLE: Technical Evaluation of FADAC Tapes.
2. INSTALLATION: HQ, TECOM.

3. PRINCIPAL INVESTIGATOR: Donald H. McCoy, Systems Analysis Directorate,
AMSTE-SY, AUTOVON 870-2093.

4, STATEMENT OF THE PROBLEM: WECOM periodically provides new tapes for
the FADAC fielded system. This action establishes the precedence for
TECOM's role in post-deployment of all future fielded computer systems.

The current testing program at the Field Artillery Board combines both
technical and user evaluation of a new FADAC tape. For the latest revision,
five weeks per tape is required to conduct the evaluation. A significant
portion of this time is used to input a large number of test cases by hand.
This study will investigate the feasibility of conducting technical evalu-
ation of FADAC tapes automatically,

5. DESCRIPTION OF THE INVESTIGATION, a. Systems Analysis Directorate
will determime whether the technique currently used by Frankford Arsenal
to evaluate new FADAC tapes can be extended to permit direct inputting of
BRL trajectory data (on tape) into FADAC. Currently, Frankford Arsenal
tests new tapes by connecting two FADACsin tandem, and using one FADAC as
the input/output driver to the other FADAC. The input to FADAC must be
keypunched from BRL printouts and converted to paper-type.

b. Systems Analysje Directorate will determine the feasibility of
preparing a computer program that will convert the BRI. tape format into
the FADAC input format., If it is estimated that 0.5 manmonths of effort
is required to write the computer program, Analytic Branch, MID will be
tasked to prepare the computer program. If APG does not have the resources
available to complete the task in the required time frame, Systems Analysis
Directorate will prepare the program.

c. Upon completion of the conversion program, the tape for the M109Al
will be evaluatcd using two FADACs in tandem. This will conclusively
establish the feasibility of conducting technical evaluation of FADAC
tapes automatically.

d. A TOP will be prepared detailing the procedures for the technical
evaluation of FADAC tapes.



7. JUSTIFICATION: A significant reduction of total test time will
result if TECOM can evaluate the technical aspects of FADAC tapes
automatically. Furthermore, a more thorough checkout of the tapes
can be performed by using more test cases.

9. RESOURCES IRED:

Manmonths Source Salaries DY
2 HQ, TECOM 1000

1 APG 2000 300
1500

10. SCHEDULE: Final report due 30 June 1973.
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COPY Mr. McCoy/eml/2093
AMSTE-SY 30 JUL 1973

SUBJECT: Technical Testing of Revised FADAC Tapes

Commander
US Army Armament Command
Rock Island, Illincis 61201

1. Reference conversation between CG, TECOM, and CG, ARMCOM, on above
subject at the AMC Summer Commanders' Conference on 13 July 1973, and
meetings held between Mr. Harold Brodkin, Fire Control Development and
Engineering Directorate, Frankford Arsenal, and Mr. Donald H. McCoy
Headquarters, TECOM, on 15 February, 16 April, 17 May, and 23 May 1973.

2. Background.

a. The Field Artillery Digital Automatic Computer (FADAC) 1is a fire
control computer for cannon artillery. The computer is a second genera-
tion device with limited memory (8,192 words), utilizing machine language
programming. The FADAC peripheral devices include a keyboard input, low-
speed paper tape, high-speed paper tape, and a teletype output.

b. Frankford Arsenal (FA) has the responsibility for providing soft-
ware (cannon program tapes) for the FADAC system. This includes ballistic
programs, as well as auxiliary functions like the survey and transfer pro-
grams. FA coordinates the need with the user before updating and revising
these programs. TECOM (the Field Artillery Bcard) has the responsibility
for product improvement tests of these tapes.

c. Since the original fielding of FADAC, the cannon programs have been
updated and reissued at least five times. Theoretically, there should be
no technical errors in these tapes when they are released to TECOM for
testing. On every release, however, major problems have been found by the
Field Artillery Board (FABD). This means FA must correct the software and
send the corrected tape to the FABD for retesting. Th¢s Headquarters be-
lieves the "find-fix loop" can be avoided by a thorough technical test of
the software tapes prior to the FABD tests.

d. FA has taken the basic steps toward an automated technical test pro-
cedure b, automating a ballistic test routine. This routine uses one FADAC

A-4



AMSTE-SY 30 JuL 1973
SUBJECT: Technical Testing of Revised FADAC Tapes

computer as &«n input/output driver for testing the ballistic routines. A
similar procedure can and should be developed for the survey, trilateration,
chronograph and K-transfer programs.

e. The Systems Analysis Directorate at this Headquarters has written a
computer program which augments the FA automated ballistic test procedure.
This program is designed to automatically create input to the FA test program
from Ballistic Research Laboratories (BRL) test data tapes. In the past,
hand preparation of the BRL input on punched cards was prohibitive, and pre-
cluded a complete technical test of a hallistic tape for all fuze/projectile
combinations. The automatic preparation of these inputs means that a complete
technical test of a ballistic tape can now be easily accommodated in a timely
and efficient manner.

3. As indicated by the reference above, TECOM and FA have been actively
working to solve some mutual problems. The solutions to these problems
concerning technical testing of FADAC software require a more formal arrange-
ment between ARMCOM and TECOM. Therefore, TECOM recommends that:

a. TECOM and ARMCOM initiate action to develop a mutually agreeable
baseline for an automated technical test procedure for FADAC tapes.

b. FA be responsible for the technical testing, to include a complete
check of the ballistic programs and all auxiliary functionms.

¢.. TECOM witness these tests.

d. Upon completion of technical testing, these tapes be submitted to
TECOM for service testing.

e. Action be taken to develop automated testing procedures for the
survey, chronograph, trilateration and K-transfer programs.

4. The Systems Analysis Directorate, Headquarters, TECOM, will continuc
to actively support the automation aspects of this effort. The technical
point of contact is Mr. Donald H. McCoy, AUTOVON 870-2093.

5. The Field Artillery Materiel Testing Directorate, Headquarters, TECOM,
will provide technical assistance and will effect coordination with the
Field Artillery Board. The point of contact is Mr. Emmet O'Brien, AUTOVON
870-4875.,

CHARLES P. BROWN
Major General, USA
Commanding

CF:
Cdr, Frankford Arsenal
ATTN: SARFA-N-7400 (Mr Brodkin)
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PENDIX C. DATA

FANAC PANGRIAM:

-

12
14

13

16

B

DIMENSTON A{6 ) R(D2° 45" ) MAPK(2")
DIMENCTIAN RIIFF(20),I0F (&), INFLY(4)
NIMENSTINN TATAT(4) JMFTA(L) , TFT(4) ,LUFT(4)
INTERFR CHOTYP,TRAGNN ,CT1,CTD

NATE [ATAT/93INYIL,IN0T5,761160, Y4435/
NATA METN/OIFO S0 oy e D0y

NETA TFT/1,243,7/

NATE INELY/3, 187,857,127/

NDATA TIF /04320044800, 1600/

CATA TSN L UPTA CTLCT2,ALM /N N0 000 214
NATA TA/® Topty

NAYA MAQK /2V¥%t12340/

NATA LMETY/4e)/

LL=0

AN 9 Lzl
RFAD(9,?,5QP =298 ,FND=Q0) A
FABMAT (47 84)
TECCALTIS)IANF,TRA)LANN, (A(25) NF,TRADIGN TN |
TF(A(35),60.72A) GO ¥ 12

NN 3 1=1,29

A{T.1l)=A(T)

R{T,2)=3(1¢27)

jISTAQR Y=Y

N T 13

Y 14 121,20

R{Tel)=a(142M

JSTA2Ta22

NN 4 J=JgSTARY,49,2

JNEL= )=

REAN(Q,? ,FRR=OR,FNN=90O) A
IF(A(15),FEN,7RA) G T 5
IF(A(35),50,TQA) A0 TN 15

NN 6 1=1,2)

R(T,J)=A(1)

R(T, JelIzA(Te+2N)

nNoTN 4

JNEL = )N

DA 16 1=1,20

R{T,J)=A(T)

G T 5

CONTINYT

N=JDFL

RACKSPA~F 9

WRITE(6, TIMARK

FARMAT{1Y,70A4)

DD A8 J=1,N
WRITFIA s TYIN(T,)},121,2))

CANTINYF

LEN=8]0

NOHVe]

IE(R(T NI (TNGNSD PR T =31, FQ,ISNGY T N
CALL CN2F{AYFF,LENMT

AP TTE(NOUVL ALV (R(KR ()oK =1,20)
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L) |
32

X!

34
38

36

27

38

39

40
45

CALL CNIE(RNIEE, (BN,
REAN(NNUM, 32)TRA NN, MFY
FARMAT(2044)

FARMATITIX ,12,A7)
IFIMET EQ METAIGN TN 9

CALL CORF(RIIEFE,LFN)

WRITE(NNUM, ILI(R(K,11 ) K=1,20)
CALL CNPF(QYFF L EN)
REAN(INNIM, 33) 1)F

FNARMAT(2X,T14)

IFLTOFGT.RO0INR0 TN 34

LY4T=9

6N ¥ 35

LONI 30

CALL CNRF(RIIFFE,LEN)

WRITE(NNIM, JLI(R(K,12 ) K=l,20)
CALL CNRE(AYEF,LENY
DEAN(NDUM, L) ICHGND (CHATYP
FRRIVAT(46X,T11,A1)

[FICHRTYP.EN, T1ICHGTYP=(
TFICHATYP, FN,CT2)CHAYYP=Q

JREC sN=-1

IFIRIL NI FNALNK) JRF T sN=4

TALL FCNRF(]UEE,LFN)
WRITEINNIUM,ILVI(RIK GIJRFC) 4K ,420)
CALL CNRE(AUFF,LFN)
QEANINDHIM,ITITNE,IF,NFFL
FNRMATICR, 093X, 15,15%,F6,0)
IDFFL=sDFEL+,5

[TNEaTIFe,5

TEF=ITNF

JREC2JRECe]

CALL COYIF(RAUEF,LENM)
WRITE(NNUM Y ILVI(AR(KZJRFC ) ,K=]1,20)
CALL CNRE(BUFF,LFN)
READ(NDUM,3IRIFS] ,FS?
EARMAT(38X,2F6,0)
WOITE(6,3)TRAIND MFT JIOF,LNHT , ICHGNN,CHGTYP, TE, INEFL,TTDF,FS1,
1Fc2

FOOMAT(//1X 3129 1XeA25 1Y, TUTSo1IX)e2(F6,2)/7)
NN 49 JuFT=],4

[FIMET NF,METN(JMETY) GN TN 4D
IGT=IGTAZ(JVET)

LLaLVET (JgvET)

LMET{JMET) = LMET({JMET) + &
INEFL=INEFL+INF(JMFT)

(N TN 45

CINTINYSE

N 41 LNOP=1,4

1ONz JUETS]1N s L4L NOP-1
TY=1DdELY(4MFT)

1F2TYPa1ET{L NND)
TELIFTILONPY,FRa1)  1V=IYe2D
[FILLONPLER.3Y OO T 42

IF (LYNP,EN,LY) FS = TNF

1F (LOND,FQ,2) FS=FS2
IF(LINP,FN,4) FS=FS]

WP ITE(Ge43) ION,IFHONO,LNHT JCHATYP  TFITYP, AT IF 1Y, TCHANN,
«INEFL,FS,INFE

WRITE(T,63) IONy IETANA, LOHT (CHGTYD W TEPTYO 15T TF, TV, IZHGND,
®INEFL,ES,10F c-2



63 FORMAT(* ERv,14, e==99421¢%, [1,%422¢,[1,%¢234°,]1,%¢26¢',11,
100cbSe100 A4y "¢ 15,4606 ,T13,%¢==N04"y11,%¢%, 14"+,
2FQelot'+t,14,%)

- 53 FORMAT( (6E 16,y 4==0962149,119°¢226°,11,°¢23¢%,11,%¢26¢%,11,
1 ToabhSe1¢0 A0, 15,0804 ,13,'¢==00¢",T1,%¢%,[4,°+",
2F&el g4 ,14,%1)

GO T 41

62 IF (LOHI.FQ.0) lY=lYe20
WRITE(6943) IPNyTCHGNN LONHI yCHGTYP,,IFZTYP,IGTYyIE,1Y,ICHGND,
LIDEFL,YF LIQF
WRITE(T,53) IPN, ICHGNDGLOHT ;CHGTYP IF2ZTYP,IGT,TE,1Y,ICHGN],
LIDEFL,TF LIQE

41 CONTINUE

9 CONTINUF

GO T9 99

G8 WRITE(6,17)A

17 FIRMAT(1X,20A4/7/20A4)
WRITE(6,18)

18 FORMAT(®* ERR ACTION LABEL')
DERUG SURCHK

99 CALL EXIT
END
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MILS

S0FF,

1100.
2-106

CORR,
uencer
TOF

SE6
M/SE%D

0.00
_-'.l '[.
N T |
. ‘llv?.
2,92
-11,0

> 3.02
-IOQq
4,03
"1007
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-1006
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36,37
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SAMPLE TRAJECTORY DATA:
TRAJECTICY NO, 24
155N, HE, M107/M114A1
STA, MV STND, WT NEL MY  P,T, DEL WT N .  ACTe MV .ACT. WY
LAT [N 4 HAT TGT HGT MDP CHARGE
M/S 11 ~¥/s D=6 F LR FACTOR v/s LB
nNeG vILS M ] e
20103 95.03 0.0 704 0.0 "0."60 207.30 95,00
40, 1095, 0. O. 16 AR N )
RANSGE 1 €2 F3 DEEL u ul U2 U3 uinny
TkYalabs KN MACH PETARND FS
o NN. COFFF, } B
»” “ L] " MILS M/S » “/S M/S M/S M/Sk%2
M/SexQ 1/S€EC M564 M520
O. 9. no 0. 0.00 207.1 97'7 lpZQB 0.0 -Oo({
-0.00 0.0500 0.61 =0.00R6 =0,1 n.1 ’
97. or, 177, =0 0.[5 ._‘97.0 Q6.9 1*1.6 -ooo ‘0.8
=0,00 0.0500 0,58 -0,N090 0.9 1.1
19%. 194, 343, =0. 0.32 197.} 96.1 160.5 --0.0 ~0.7
0.09 0.0500 0,55 =".r"78 1.9 2.1, 7
2904 299, 498, =0. De%49 17704 ~ 95,4 149,6 2.0 -0.7
N,00 0,0500 0,52 -0.0070 2.9 3.1
315, ELLTS £42. Oa D.68 168, 1 94,8 ’.3808 0.0 =-0.6
0.000-0500 OOSJ -n.”\"s 3.Q "ol
479, 479, T4, 0. 0.%9 159,0 %,2 128,2 0,0 -0.6
0.00 0.,9500 23,47 -0.,0061 4,9 5«2 .
1639, 1639, 1587, e 5.58 89,2 89,2 0.0 O0el  =0.3
N0V 0.0500 0.27 .000032 17.6 ‘18,1 - -
3207. 3207- "00 30 42008 l‘JR.Z Rl¢7 "16006 a.3 -‘-6
'—orl "C‘S')’) 1.55 -(".ﬁ"-"ﬂ 36.0 36.8
c-4



